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NUCLEAR RESEARCH
CRYOBIOLOGY
MICHELSON-MORLEY EXPERIMENT
DRY METAL CASTING
Why would a scientist pay $4100 for this little coil of wire from Westinghouse?
t
Because it is leading to new discoveries in physics. electric power and space travel.
The little coil is made with a most remark-
able wire. Cooled to 452°F below zero, it
becomes a super-powerful magnet.
In labs all over the country, scientists are
using the Westinghouse super-magnet to
explore ideas like generating electric power
directly from a stream of hot gases; build-
ing new kinds of atom smashers; develop-
ing power systems for long-distance space
travel and communications.
The Westinghouse super-magnet oper-
ates on less power than an ordinary light
bulb. But it has twice the strength of an
electro-magnet weighing 20 tons and us-
ing 100,000 watts of electricity.
That's why this little Westinghouse mag-
net is a bargain at $4100.
You can be sure... if it's Westinghouse.
For information on a career at Westinghouse, an equal opportunity employer,
write to L. H. Noggle, Westinghouse Educational Department, Pittsburgh 21, Pa.
Instant portable power ... any time, any place
In this battery-sparked new world of portable convenience, hand tools are driven by their own re-
chargeable batteries . . . toys perform their tricks by remote control . . . a hearing aid with its
button-size power cell can be slipped into the ear . . . cordless radios and television sets are lively
companions in the home or outdoors . . . missiles and satellites are guided through the vastness of
space. Developments like these have brought more than 350 types of EVEREADY batteries into
use today, 73 years after Union Carbide produced the first commercial dry cell. Ever-longer service
life with power to spare is opening the way for portable power sources, such as the new alkaline,
nickel cadmium, and silver batteries, to serve hundreds of new uses. For the future, along with
their research in batteries, the people of Union Carbide are working on new and unusual power
systems, including fuel cells. And this is only one of the many fields in which they are meeting
the growing needs of tomorrow's world.
A HAND IN THINGS TO COME
Low( for these other famous Union Carbide consumer products -
LINDE Stars, PRESTONE anti-freeze and car care products, "6-12" Insect Repellent, DYNEL textile fibers.
Union Carbide Corporation,270 Park Ave., New York, N .Y . 10017. In Canada: Union Carbide Canada Limited, Toronto.
UNION
CARBIDE
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IN THIS ISSUE
THE MICHELSON-MORLEY EXPERIMENT
This article gives some background on some of the
investigation that has been carried out by the scientific
community into the basic nature of light. It serves to
point out the fact that there is much to be yet understood
concerning this phenomena.
CRYOBIOLOGY
Curt Jones tells of the new uses of cold temperature
methods for tissue preservation in this up-to-date article.
The article shows how the application of new materials
and methods in older fields can be profitable and should
not be overlooked.
NUCLEAR RESEARCH
This article by Dr. Llewellyn discusses the capabili-
ties of Rose in Nuclear research. Dr. Llewellyn has also
set down a clear blueprint of the future plans of Rose in
this field. While the size of Rose limits the magnitude of
participation in this national endeavor, the article ex-
plains the role that Rose can play.
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ROSE
ROSE POLYTECHNIC INSTITUTE
TERRE HAUTE, INDIANA
•
OF ADMISSIONS
ROSE POLYTECHNIC
INSTITUTE
TERRE HAUTE, INDIANA
HIGH SCHOOL GRADUATES OF 1964
You are cordially invited to visit Rose Poly-
technic Institute where you can earn a degree in:
CHEMICAL ENGINEERING
ELECTRICAL ENGINEERING
MECHANICAL ENGINEERING
CIVIL ENGINEERING
MATHEMATICS
PHYSICS
CHEMISTRY
editorial
The Engineers of Tomorrow
The industrial and technological development of the world today is pro-
ceeding at a rate thought impossible only a few years ago. This rapid develop-
ment will require engineers to extract the utmost from their professional back-
ground to fulfill the demand for growing opportunities in this world-wide
industrial development.
To meet this challenge, engineers must be competent men in their pro-
fession, and well versed in many subjects. They will need to travel through-
out the world as their professional opportunities call them. In their new way
of life, they will leave behind the ties of the small community, and gain those
of the modern world.
One of the most important tasks before us, in preparing ourselves for
modern engineering, is learning to accept increased rsponsibilities. Social
responsibilities will make it necessary for us to take an active role in world
politics, economics, and cultural movements, as well as allowing time for our
families in order that they also will be happy, and share with us the pleasures
of success.
The position we obtain requires that we be individuals who have de-
veloped methods for problem solving, and the ability to make intelligent, well-
informed decisions about governmental policies, ethical problems, and human
relations.
It is our future profession which will be responsible for the course
which industrial and technological developments follow, and, by continuously
re-examining ourselves and our outlook on life, as well as analyzing the new
technological community, we will be prepared to meet the challenge the world
prsents. At that time, we will arrive as "The Engineers of Tomorrow."
M. 21.
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Ultra-modern Research & Engineering Center
at Delco Radio, Kokomo, Indiana
To Continue To Learn And Grow . . .
. . . is a basic management philosophy at Delco Radio
Division, General Motors Corporation. Since its in-
ception in 1936, Delco Radio has continually expanded
and improved its managerial skills, research facilities,
and scientific and engineering team.
At Delco Radio, the college graduate is encouraged
to maintain and broaden his knowledge and skills
through continued education. Toward this purpose,
Delco maintains a Tuition Refund Program. Designed
to fit the individual, the plan makes it possible for an
eligible employe to be reimbursed for tuition costs of
spare time courses studied at the university or college
level. Both Indiana University and Purdue University
offer educational programs in Kokomo. In-plant gradu-
ate training programs are maintained through the off-
campus facilities of Purdue University and available to
solid state electronics •
cilk%a
employes through the popular Tuition Refund Program.
College graduates will find exciting and challenging
programs in the development of germanium and silicon
devices, ferrites, solid state diffusion, creative packag-
ing of semiconductor products, development of labora-
tory equipment, reliability techniques, and applications
and manufacturing engineering.
If your interests and qualifications lie in any of these
areas, you're invited to write for our brochure detailing
the opportunities to share in forging the future of
electronics with this outstanding Delco-GM team.
Watch for Delco interview dates on your campus, or
write to Mr. C. D. Longshore, Dept. 135A, Delco
Radio Division, General Motors Corporation, Kokomo,
Indiana.
DELCO RADIO DIVISION
KOK OMO, INDIANA
An equal opportundy employer
0 F GENERAL MOTORS
The President Comments
One of the marks of true greatness is the way that an army, a football
team or a city comes through when the going gets rough. Many of us thrilled
during World War II at the stories from London about how it reacted to V
bombs and the Luftwaffe; the city and all of its citizens rose to unsuspected
heights of bravery, generosity and understanding. London is not a beautiful
city; it has more than its share of slums and depressed areas; its traffic plan
leaves a great deal to be desired. No one, however, can dispute London's claim
to being—in every sense of the word—a great city.
Most of us have a favorite branch of the service--the Marines, the Army
Engineers, the Seabees or SAC. All have their traditions, all have had their
moments of truth, their periods of testing and their established claims to fame.
It is obvious that their greatness was not established in the B.O.Q.'s, on the
parade ground or in the officers' clubs. A casual observer might, in fact,
get a totally incorrect impression of a group of off-duty impressions of the
griping, the complaints and the general bitching he might overhear. It would
be a rash mistake for anyone, however, to challenge the Marine Corps to
combat on the mistaken belief that their morale could be judged by their
reaction to having to drill on a snowy morning.
As an Administrator I expect that I should be disturbed by complaints
and resulting morale; complaints about a wide variety of griefs ranging from
exams, schedules, food, teaching competence to attendance at convocations.
Naturally, I am concerned, but I feel that many of these problems are essen-
tially gripes in the army sense. Rose has far too fine a heritage to be greatly
changed by the ups and downs of daily events.
Over the years Rose and Rose men have had a great many challenges--
and Rose has come through. This fact was brought home vividly to us during
the tragic week-end of the Kennedy assassination. Speaking on behalf of the
Faculty, I want to express our pride in the student body; their concern at
what was happening to our country; their attendance and deportment at the
Memorial Service. Education in science and engineering is one of the difficult
programs that a man can take--Rose is demanding—and it has its faults;
but—and this is its mark of greatness—when the chips are down—when the
going gets rough—Rose and Rose men have always risen to the occasion.
JOHN A. LOGAN
Are you interested in a career in management?
The key words are "career" and "management."
The Bethlehem Loop Course is designed not to place a
man in a job, but to start a man on a career. Although we
have a specific initial job assignment in mind for every
man we recruit for the Loop Course, that assignment is
just the first step t,oward increasing levels of responsibility.
The Bethlehem LOop Course is designed to train men for
management. We select men whom we feel have the po-
tential; we start them out with an intensive five weeks'
course that gives them a comprehensive knowledge of the
Company's operations; we follow this up with a training
program at the facility or within the department to which
he is first assigned. A steel plant man, for instance, will
be given general plant training for a number of weeks; a
sales looper trains for a full year before he starts actual
selling.
Think it over. It should be abundantly clear that we
have a big stake in our loopers. We do everything in our
power to assure that you make good progress—the rest
is up to you.
If you are interested in a career in management with
one of the nation's largest and most dynamic industrial
concerns, we urge you to read our booklet, "Careers with
Bethlehem Steel and the Loop Course." You can get a
copy at your Placement Office, or by sending a postcard
to our Personnel Division, Bethlehem, Pa.
BETHLEHEM STEEL
An equal opportunity employer
Assignment: make our gasoline make engines run better
while -they're still on t,he drawing board
11111111111111111111111116mag.- .,=91111111L
Engines of the future ... engines of today. Low compression
engines . . . high compression engines. Air-cooled engines .. .
water-cooled engines. Four, six and eight cylinder engines.
And all he has to do is figure out which gasolines we should
produce to make them all happy.
One of the key scientists in American Oil's Road Anti-
knock Quality Program is Charles Karabell, 31, B.S.,
Chemical Engineering, PhD, Mechanical Engineering from
Purdue University. To say that his job of establishing and
predicting fuel characteristics for today's and tomorrow's
automobile engines is a challenge, is a vast understatement.
If you're thinking about a career with a future, think
about us. American Oil offers a wide range of new research
opportunities for: Engineers—chemical, mechanical, and
metallurgical; Chemists—analytical, electrochemical, phys-
ical, and organic ; Masters in Business Administration with
an engineering (preferably chemical) or science background ;
Mathematicians; Physicists.
For complete information about interesting careers
in the Research and Development Department, write:
J. H. Strange, American Oil Company, P. O. Box 431,
Whiting, Indiana.
IN ADDITION TO FAR-REACHING PROGRAMS INVOLVING FUELS, LUBRICANTS AND PETROCHEMICALS, AMERICAN OIL AND ITS SISTER COMPANY, AMOCO
CHEMICALS CORPORATION, ARE ENGAGED IN SUCH DIVERSIFIED RESEARCH AND DEVELOPMENT PROJECTS AS: Organic ions under electron impact; Radiation-
i nduced reactions/Physiochemical nature of catalysts/Fuel cells/ Novel separations by gas chromatography/Application of computers to complex
technical problems/Synthesis and potential applications for aromatic acids Combustion phenomena Design and economics: new uses for present
products, new products, new processes, Corrosion mechanisms, Development of new types of surface coatings.
STANDARD OIL DIVISION AMERICAN OIL COMPANY
/WM\
STANDARD
Nuclear Research
To many people the term "nuclear
physics research" brings to mind
pictures of huge accelerators and
enormous reactors, exotic places
such as Oak Ridge and Los Alamos,
and the magic names of Einstein,
Fermi and others. We read regular-
ly of vast sums of money being spent
on things called alternating gradient
synchrotrons and breeder reactors
whose precise use usually seems to
be somewhat obscure but which,
nevertheless, require a continuous
supply of megabucks for their opera-
tion, (the megabuck is a standard
unit of money for projects of this
sort.)
In reality of course such highly
publicized projects represent only a
small fraction of the total national
research effort in nuclear physics.
Thousands of scientists and engineers
work continually on the myriad of
unsolved problems associated with
nuclear physics, working in small to
An advanced com-
pletely transistolized
400 channel ana-
lyzer.
medium-sized laboratories often
with the very minimum in the way
of equipment. A few examples of
studies which can be carried out in
the small laboratory are determina-
tion of radioactive decay schemes,
the measurement of half lives, and
the detailed analysis of decay par-
ticle energies, among many others.
In recent years the radio-isotope pro-
duction facilities of the U. S. Atomic
Energy Commission as well as an
increasing amount of federal re-
search funds have become more ac-
cessible to many small laboratories
with the result that a steadily broad-
ening range of research studies is
coming within the capabilities of the
small schools.
Here at Rose we have underway
the beginnings of a nuclear physics
research program in the particular
area of beta decay. Beta decay, as
you know, refers to that process in
which an unstable atomic nucleus
Written by
Dr. Ralph A. Llewellyn
Physics Department
Edited by
Wilford Stratten
Dr. Ralph A. Llewellyn is himself a
Rose graduate. Originally from Sul-
livan, Indiana. he received his B.S. in
Chemical Engineering in 1955.
While at Rose. Dr. Llewellyn was
honored by membership in both Tau
Beta Pi and Blue Key. He is a former
editor of the TECHNIC.
Dr. Llewellyn received his Ph.D.
from Purdue University in 1962.
alters its structure to a more stable
configuration by emitting a beta par-
ticle (electron) during the re-
arrangement. According to current
beta decay theory the direci ion in
which the beta particle is emitted
with respect to the nuclear spin axis
and the particle energy are related
directly to parameters which de-
scribe the structure of the nucleus.
The detailed explanation of the
structure is, however, not known.
Consequently studies of these quan-
tities can provide valuable informa-
tion concerning the way in which
the nucleus is put together.
The exact method by which this
information is extracted from ex-
periments is rather involved, but the
way that it will be done here at
Rose is briefly as follows: The emis-
sion of the beta particles often leaves
the nuclei polarized, that is with a
non-random distribution of spin vec-
tors. If the decay is then followed
10
by the emission of gamma radiation
or conversion electrons, as it often
is, the polarization is transferred to
this second radiation. In the par-
ticular case of conversion electrons,
the polarization can be measured by
scattering the electrons from the nu-
clei of ,a high atomic number ele-
ment such as gold. In order to scat-
ter the conversion electrons and not
the beta particles, which of course
both look alike to our detectors, we
must use some selection device. A
convenient device for this purpose
is a magnetic lens spectrometer
which uses a pair of coaxial mag-
netic coils, or lenses, of variable field
strength to focus electrons from the
source onto the scattering element.
By selecting the proper field strength
the conversion electrons can be
selectively focused. A photograph
of a typical lens spectrometer ac-
companies this article.
By measuring the number of con-
version electrons scattered at a pre-
selected angle with respect to the
beta particle direction, the desired
nuclear structure information can
be computed. Of course, for the
measurement to be meaningful one
must be sure that the beta particle
and the conversion electron from the
same nucleus are counted in coinci-
dence, and that the particle energies
are very carefully determined. This
requires the use of high speed elec-
tronic coincidence circuitry and
tO
A tube type, magnetic memory multichannel analyzer. RIDL model 34-1.
multichannel energy analysis equip-
ment. A couple of examples of
multichannel analyzers are shown
in the accompanying photographs.
While within a year or so it is
hoped that two or three students
each semester will have an oppor-
The experiment force of a
large graphite moderated
uranium reactor at Oak
Ridge.
tunity to gain practical first hand
research experience on the project,
this is by no means the only nuclear
physics reesarch under way or
planned at Rose. In this subject,
as in others, there are many less in-
volved problems associated with
each major area of investigation.
For example, one method developed
in recent years for elemental analysis
is that of neutron activation. The
sample to be analyzed is bombarded
with neutrons which produce radio-
active atoms in the sample, the type
and number of such atoms depend-
ing, of course, on the particular ele-
ments in a sample and on their con-
centrations. When the sample is ex-
amined with the various types of nu-
clear radiation detectors, the par-
ticular radiations being emitted,
their energy spectra and the half
lives observed are indicative of the
elements present in the sample.
When used with the very high neu-
tron fluxes available in the large re-
(Continued on Page 24)
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CRYOBIOLOGY
LOW TEMPERATURE BIOLOGICAL RESEARCH
Mr. Jones has written for the ROSE TECHNIC
in the past. His last article was The Master Mole-
cule which was published in March, 1963.
Mr. Jones is from Anderson, Indiana and
wishes to do graduate research in Chemical
Engineering.
The term cryobiology refers to
the study of the behavior of biologi-
cal specimens under conditions of
extremely low temperatures. The
study of cryobiology has revolution-
ized the fields of biological research
and industrial biology in recent
years. The primary application of
cryobiology to research and industry
is concerned with the preservation
of biological specimens over very
long periods of time. This preserva-
tion is accomplished through the
actual freezing of the specimens by
subjecting them to the extremely
low temperatures of certain liquified
gases. Recent advances in the low-
temperature preservation technique
have resulted in the successful stor-
age of many biological specimens
which were previously thought to
be damaged by the freezing process.
They may now be preserved for
months at a time, perhaps indefinite-
ly, with no damage to the tissue cul-
ture or to the cell being preserved.
Until these recent advances were
made, tissues and cells were main-
tained routinely by continual growth.
This method involved sub-culturing
of the specimens once or twice a
week.
There are several disadvantages,
however, to the sub-culture tech-
nique. Sub-culturing is both time-
consuming and costly. In addition,
the following risks are incurred with
the continual growth of a culture
over an extended period of time:
1) increased chance of chromoso-
mal (genetic) change or muta-
tion.
2) increased possibility of con-
taminating the culture with bac-
teria, viruses, or other cell
lines.
3) increased possibility of the acci-
dental loss of the culture.
These disadvantages are in direct
opposition to the objectives of long-
term preservation; including main-
tenance of viability (capability of
living) and biochemical activity, and
the retention of structure. The fol-
lowing specific long-term objectives
depend upon the specimen itself:
1) For blood, tissue cultures, bone
marrow, and microorganisms—via-
bility, as expressed by the ability
of the material to perform a specific
biological function. (For instance.
the ability of the bone marrow to
produce red blood cells) .
2) For enzymes, vaccines, and
some cellular materials—the above
function may be biochemical or
physiological.
3) For cytological (cell) and pa-
thological (disease) studies—the de-
sired objective is the preservation
of the characteristic cellular mor-
phology (overallstructure)
Keeping these objectives in mind,
it is easy to understand why it is
By Curt Jones
Sr. Ch.E.
important that a successful long-term
storage process for tissue cultures
and cells has been developed. In
addition to being able to store, until
needed, all cultures that are not be-
ing used, the low-temperature stor-
age technique assures one of having
a viable specimen of the origina/
tissue available. This provides, for
the researcher, a reliable reference
for long-term experiments where it
is essential that the cell line remains
absolutely unaltered.
The agent for freezing the cultures
is liquid nitrogen, having a normal
boiling point of — 196°C (-320°F).
Although several liquified gases
could be chosen as refrigerants,
liquid nitrogen offers the most ad-
vantages. Nitrogen is chemically in-
ert and thus will not react with the
material being stored. It has no
effect on the pH (measure of acidity)
of the specimen. Finally, in addition
to being safer, nitrogen (liquified)
is readily available at a reasonable
cost.
Naturally, the specific method of
freezing and storing which will in-
sure the maximum recovery of vi-
able tissues and cells will depend
upon the type of cell or tissue cul-
ture itself. Generally speaking, the
best results are obtained in the fol-
lowing manner:
(Continued on Page 25)
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WHAT YOU COULD BE ENGINEERING AT
Hamilton Standard
The F-111 (formerly T.F.X.) will use a variable wing which will sweep
back like the one shown in this artist's drawing of a N.A.S.A. model.
Hamilton Standard will develop and produce an Air Inlet Control for
the F-111, similar to the system illustrated.
One possible assignment: help develop Hamilton
Standard's Air Inlet Control for the F-111. Utilize your
training in:
dynamic analysis compressible flow (pneumatics)
servomechanisms incompressible flow (hydraulics)
thermodynamics internal aerodynamics:
mechanical design boundary layer
(high-temperature diffusers
applications) nozzles
to develop an AIC which will properly position shock
waves and efficiently provide smooth air flow to engines.
Pneumatic sensors will measure operational param-
eters, transmit signals to a computing device. The
computer signals actuators which move the inlet spike
and bypass doors.
Reliability, proven performance make Hamilton
Standard a leader in AIC. We have a 14-year experience
on many vital components. We have outstanding com-
petence in pressure-ratio sensors, computing devices,
and high-performance hydromechanical components
for high-ram air temperature application.
• thrust vector controls
OTHER • ground support equipment
MAJOR • advanced propeller systems
HAMILTON • electron beam machines
STANDARD • electronic control systems
PROGRAMS: • physiological monitoring systems
• space life support systems
See your placement officer for a campus interview, or write:
SUPERVISOR COLLEGE RELATIONS
Hamilton United
0 V S ON OF
Standard Aircraft
WINDSOR LOCKS, CONNECTICUT
an equal opportunity employer
Michelson - Morley
Experiment
Through the ages, man has been
trying to determine the mysteries
of nature. One of the oldest prob-
lems has been the transmission of
light. To explain the phenomenon,
it was theorized that all of space
contained an ether. It wasn't until
the nineteenth century, however,
that scientists began to determine
the nature and properties of this
"ether". Late in the century, it was
concluded that the ether had no mass
and was unaffected by mass. Any
object passing through the ether
would not be affected by it because
the ether would pass through the
atoms as if they were non-existent.
Because of these properties of ether,
it would be impossible to detect it
by direct measurements. In order to
define this medium, its effects had
to be measured.
Ether itself was considered an ab-
solute reference frame in that it had
no motion. Everything moved
through it. This would seem to
create an "ether wind". That is, any-
thing that was moving through the
ether, would have a constant flow
of the ether over and through it. If
this wind was detected, it would
prove conclusively that the ether
existed.
It was theorized that ether was the
medium in which light traveled.
Light waves through the ether were
analogous to sound, in that they
passed through a conducting medium
with a fixed velocity. If one was
to travel in the direction of the light
source, the apparent velocity of the
light would seem to be greater than
if one was in a stationary position
or was moving away from the light.
Then if this difference in velocity
could be measured, not only would
the existence of an ether be verified,
but the velocity of an object relative
to an absolute reference frame could
be established and most of the prob-
lems of relativity could then be
easily solved.
Albert Michelson, a young naval
officer, made one of the first at-
tempts at measuring this ether wind.
He was granted a leave of absence
from Annapolis to study at the Uni-
versity of Berlin in Germany. It was
in Berlin in 1881 that he performed
his first experiment. Much to his
dismay and surprise, his experiment
turned out to be a total failure. A
few physicists decided at this time
that the ether theory should be dis-
carded, but very few accepted this
view. Michelson himself was not
convinced that the experiment was
valid and began preparation to re-
peat the experiment with more ac-
curate equipment.
He resigned his commission in the
Navy to accept a job teaching at Case
School of Applied Science. While
working at Case, he met Edward
Morley, a chemistry professor at
nearby Western Reserve University.
In 1887, they performed another ex-
periment to detect the elusive ether.
By Ned Rapp
This experiment came to be known
as the Michelson-Morley experi-
ment. The apparatus used was called
an interferometer and consisted of
a block of concrete measuring five
feet on a side and a foot in depth.
This slab was floating on liquid mer-
cury. The liquid suspension per-
mitted easy rotation and eliminated
any possibility of outside vibration
from disrupting the delicate balance
of the apparatus. Mounted on the
slab were a series of mirrors as
shown in Fig. 1. They were arranged
in such a manner that half of a beam
of light was reflected back and forth
eight times across the slab in one
direction while the other half of th.-2
beam was reflected pernmdicul ar
to the first half over an equal dis-
tance. The beam was then reinte-
grated by a mirror and aimed
through a simple telescope where the
interference pattern could be ob-
served. If the ether wind existed,
it is easily shown that it woul3 take
a longer time for the light to trans-
verse the distance parallel to the
wind then perpendicular to it. As
a result, as the apparatus was ro-
tated, the interference fringe pat-
terns would change. Much to the
dismay of Michelson and Morley,
there was no change in the pattern.
No matter how the apparatus was
turned, they could detect no ether
wind. This was not only a blow to
Michelson and Morley but to the en-
(Continued on Page 30)
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John LaCost wanted a part in scientific progress
He has it at Western Electric
John LaCost received his B.S.E.E. from the University
of Illinois in 1962. One of the factors which influenced
him to join Western Electric was the quick manner in
which new engineers become operational.
During the short time John has been with us, he
has worked in several areas which are vital to the
nation's communications complex. And with his future
development in mind, John attended one of our Grad-
uate Engineer Training Centers where he studied the
front-line Electronic Switching System. He is current-
ly working as a systems equipment engineer on such
projects as crossbar switching and line link pulsing.
John's future at Western Electric looks promising
indeed. He knows he will be working with revolutionary
and advanced engineering concepts like electronic
switching, thin film circuitry, computer
-controlled
production lines and microwave systems. He is also
aware of the continued opportunity for advanced study
through the company-paid Tuition Refund Plan, as
well as through company training centers.
How do you see your future? If you have high per-
sonal standards and the qualifications we are looking
for, we should talk. Opportunities for fast-moving
careers exist now, not only for electrical, mechanical
and industrial engineers, but also for physical science,
liberal arts and business majors. For more detailed
information, get your copy of the Western Electric
Career Opportunities booklet from your Placement
Officer. Or write: Western Electric Company, Room
6405, 222 Broadway, New York 38, N. Y. And be sure
to arrange for a personal interview when the Bell Sys-
tem recruiting team visits your campus. c
WeStern Electric MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM
AN EQUAL OPPORTUNITY EMPLOYER
Principal manufacturing locations in 13 cities • Operating centers in many of these same cities plus 36 others throughout the U. S. • Engineering Research
Center, Princeton, New Jersey • Teletype Corporation, Skokie, Illinois, Little Rock. Arkansas • General headquarters, 195 Broadway, New York 7 New yors

ON THE MOON...
Our world-recognized trademark—"the P&WA eagle"—has been
identified with progress in flight propulsion for almost four decades,
spanning the evolution of power from yesterday's reciprocating
engines to today's rockets. Tomorrow will find that same Pratt &
Whitney Aircraft eagle carrying men and equipment to the moon and
to even more distant reaches of outer space.
Engineering achievement of this magnitude is directly traceable to
our conviction that basic and applied research is essential to healthy
progress. Today's engineers at Pratt & Whitney Aircraft accept no
limiting criteria. They are moving ahead in many directions to advance
our programs in energy conversion for every environment.
Our progress on current programs is exciting, for it anticipates the
challenges of tomorrow. We are working, for example, in such areas
as advanced gas turbines . . . rocket engines . . . fuel cells . . . nuclear
power—all opening up new avenues of exploration in every field of
aerospace, marine and industrial power application.
The breadth of Pratt & Whitney Aircraft programs requires virtually every tech-
nical talent . . . requires ambitious young engineers and scientists who can con-
tribute to our advances of the state of the art. Your degree? It can be a B.S., M.S.
or Ph.D. in: MECHANICAL • AERONAUTICAL • ELECTRICAL • CHEMICAL and
NUCLEAR ENGINEERING • PHYSICS • CHEMISTRY • METALLURGY • CE-
RAMICS • MATHEMATICS • ENGINEERING SCIENCE or APPLIED MECHANICS.
Career boundaries with us can be further extended through a corpo-
ration-financed Graduate Education Program. For further information
regarding opportunities at Pratt & Whitney Aircraft, consult your col-
lege placement officer—or—write to Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford 8, Connecticut.
Pratt &Whitney Aircraft
CONNECTICUT OPERATIONS EAST HARTFORD, CONNECTICUT
FLORIDA OPERATIONS WEST PALM BEACH, FLORIDA
SPECIALISTS IN POWER ... POWER FOR PROPULSION—POWER
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND IN-
DUSTRIAL APPLICATIONS.
u
CDIVISION OF UNITED AIR RAFT CORP.
A
An Equal Opportunity Employer
c,
miss
technic
for
december
Posing for the Technic eye and catching everyone's
eye while she does is Miss Nancy Poynter, Miss
Technic for December. Nancy is a 19 year-old sopho-
more at ISC majoring in Elementary Education. A
member of Delta Gamma sorority, Nancy is very
active in the Student Government Association and
the Dolphins. Also she cheers the ISC charges on
with every bit of her 5'4", 120 lbs. of energy as a
Varsity Cheerleader. For any fellas that would like
to buy Nancy a Christmas present, her size is
35-24-37. This Terre Haute miss sure gets our vote
for companionship on any cold December evening.
(Photography by Andy Preece)
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This month the "Technic" introduces a new
series of articles concerning sports at Rose Poly.
Its purpose is to inform readers of the varsity
and intramural sports programs of the school.
"Hard work and hard luck" is the
phrase most descriptive of Rose's
1963 football team. The season
opened with a loss to tough Wilming-
ton of Ohio and followed with three
other away games in which the team
showed continued improvement. Af-
ter a heart-breaking loss at Illinois
College 13-7, the Engineers took the
measure of Eureka 25-7 and sneaked
by Concordia 7-6 to avenge last
year's narrow 14-12 Cougar triumph
at the Rose Homecoming.
Fresh from two straight wins, the
outlook for a victory in the '63 Home-
coming game against Elmhurst was
bright. Instead it turned out to be a
dark day, both literally and figura-
tively, for Rose Tech. Hampered by
the constant rain, the potent pass-
ing attack led by Gib Bosworth
sputtered while the running game
was plagued with fumbles. The En-
gineers rallied in the second half
but could not overcome the big Blue
Jay lead.
About this time the continued
hard luck happenings began to mount
up. Injuries disabled several key
players, and from this time on the
team was never at full strength. Un-
der a IIAA ruling, Bosworth was un-
able to play against other Indiana
schools since he had just transferred
in. Without him, Rose was thumped
by a tremendous Earlham team that
copped its twentieth straight victory.
The following Saturday Principia
bested R.P.I in a Prairie Conference
game on the banks of the Mississippi
River. The final game saw the Engi-
neers battle Franklin on equal terms
for most of the first half before
Spelt&
gcape
bowing 41-14.
As a result of much hard work,
the team improved over last year's
records in column of statistics whil2
holding down the opposing team.
Especially outstanding was the gain
in passing yardage. Quarterback
Bosworth combined with his princi-
pal receivers, Bill Lewis, Larry Hall.
Harry Slamkowski, Dave Hussing,
and Jim Phelps, for an average of
better than 100 yards a game and
42 '/; completion. This season Rose
scored nine T.D's via the air lanes as
compared to none last year. Lewis,
Hall, and Slamkowski were also the
leading ground gainers. Hall scored
20 points and Lewis, who missed the
last three games with a dislocated
thumb, made 18 as they led the team
in that division.
The defense gave ground grudg-
ingly and on the average allowed
their opponents 10 (/( less yardage
than last year. Slamkowski, Pete
Grafe, Bob Clark, Bill Kovacs, John
Stewart, and Bob Blahut were de-
fensive stalwarts during the season.
Coach Rocky Herakovich should
have an experienced team to face
next year's schedule which includes
the addition of Hanover College, St.
Procopious in Lisle, Illinois, and
Central Methodist of Missouri. Wide-
open football should be the trend
next year as the Engineers attempt
to develop their passing game even
more.
Cross-country was initiated this
year and Rose is already gaining a
reputation for having a tough course
and a strong team. The four-mile run
covers a large portion of the campus,
By Larry Sachs
Soph. Math
having both long stretches for sprint-
ing and steep hills for endurance.
The team seemed to thrive on this
type of terrain as evidenced by their
fine four win - one loss record in
both home and away dual meets.
After an opening loss to Wabash
College, the defending Little State
Champions, the harriers took second
in a tri-way meet behind Millikan
and ahead of Greenville. Then four
straight victories in dual meets
started a string which the team will
carry into the start of next season.
Greenville was defeated again, Han-
over was bested to start the Home-
coming Weekend, Franklin fell vic-
tim next, and St. Joseph was crush-
ed in the last dual meet. The season's
competition ended with Rose taking
ninth place in the Little State meet.
The first-year enthusiasm was es-
pecially encouraging to Coach Jim
Carr, and underclassmen gained
most of the team positions. Sopho-
more John Lynn was the standout,
leading his mates in every meet and
taking 13th place individually in the
Little State meet. Larry Sachs, Mike
Brandriss, and Bob Sandburg con-
tinually fought for second, third, and
fourth spots. Fifth position was up
for grabs from Dave Honey„ Denny
Lind, and John Blanchard.
Losing only one man because of
graduation, next fall will bring forth
a team of seasoned cross-country
veterans. With one year of competi-
tion under their belts, the harriers
will be out to set an even more re-
markable record than their first year
one.
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Reuben C. Gooderum, BSME
Wisconsin, 1962, is shown examining
combustion liners after a thermal
paint engine test at Allison Division,
General Motors, Indianapolis, Indi-
ana. Thermal paint, developed by
Allison, is used to determine temper-
ature gradients existing on engine
parts.
Gooderum is one of the young engi-
neers at Allison assigned to design
and development of air-cooled tur-
bine engine hardware. This work in-
volves rig testing of turbine engine
parts to determine optimum configu-
rations. Parts later are endurance-
tested on engines to prove the design.
New, air-cooled turbine blades de-
veloped by Allison engineering have
permitted more than 250 °F higher
turbine inlet temperatures on turbo-
prop engines, providing as much as
63 " „ increased horsepower for the
same engine envelope.
We think you, too, will like the
creative climate at Allison, as well as
the advantages of being associated
with a long-established leader in the
design, development and production
of high performance aircraft engines.
Talk to our representative when he
visits your campus. Let him tell you
what it's like at Allison where Energy
Conversion Is Our Business.
An equal opportunity employer
TH E ENERGY CONVERSION DIVISION OF
GENERAL MOTORS, INDIANAPOLIS, INDIANA
GIN Mt
1101043
library notes
In the past this space in the
Technic has been used to give in-
formation and news concerning the
Library and brief notes about new
books. This pattern will be continued
and it is hoped that in the coming
period of change being ushered in
by the growth of Rose that this ar-
ticle will continue to provide a ser-
vice to the facul: y, students and
alumni.
There have been a great many
new books acquired by the Library
in recent weeks. A most interesting
thing is the ever-increasing number
of paperbound books used in modern
libraries. Here are some of our re-
cent paperbound asquisitions.
DISCOVERIES AND OPINIONS
OF GALILEO, transla' ed with an
introduction and notes by Stillman
Drake. Doubleday, 1957. Galileo
introduced the world to the two most
significant aspects of modern science
—its method of inquiry and its cri-
terion of truth. He was the first
major figure to champion the right
of the scientist to pursue his research
through observation and experiment,
uninfluenced by such non-scientific
considerations as politics and the-
ology. Directing his polemics against
the pedantry of his time, Galileo ad-
dressed his writings to contemporary
laymen. His support of Copernican
cosmology against the Church's op-
position, his development of a tele-
scope and observation of such phe-
nomena as comets and sunspots, his
unorthodox opinions as a philosopher
of science—these were central con-
cerns of his career and the subjects
of four of his most important writ-
ings. These appear here with an in-
troductory essay placing them in
their biographical and historical con-
tent.
ADAM'S ANCESTORS; THE
EVOLUTION OF MAN AND HIS
CULTURE, by L. S. B. Leakey.
Harper & Row, 1960. This is a com-
plete and up-to-date text covering
the relevant materials from paleo-
lithic archaeology and palaeoan-
thropology in Europe, Africa and
Asia. It also contains a penetrating
discussion of the interpretation and
uses of stone and bone tools. Within
the last few decades, besides the
striking finds in China and Africa,
there has been much detailed study
in Europe, and the results are here
embodied into a well organized syn-
thesis of the data bearing on the
By Harry Gilbert
Librarian
origin and evolution of man and his
culture in the old world.
THE PERILS OF PROSPERITY:
1914-1932, by William E. Leuchten-
burg. University of Chicago Press,
1958. This book traces the political,
economical, social, and cultural phe-
nomena that transformed America
from an agrarian, primarily decen-
tralized, moralistic, isolationist na-
tion into an industrial, urban, moral-
ly liberalized nation involved in
foreign affairs in spite of itsef.
Beginning with Wilson and the
entrance of the United States into
World War I, the author covers the
range of subsequent events; the
fight over the League of Nations;
the postwar Red scare; the politics
and foreign policy of the Harding
and Coolidge administrations; the
fate of progressivism in the twenties;
the revolution in morali; the impact
of the prosperity of the twenties on
American character; the "political
fundamentalism" which resulted in
immigration restrictions, the Scopes
trial, prohibition, and the Ku Klux
Klan; Hoover and the early years
of the depression—all reflecting the
conflict between rural and urban at-
titudes that reached its crisis in the
22
presidential campaign of 1928 and
was finally settled as an aftermath
of the collapse of 1929.
AMERICAN CAPITALISM; ITS
PROMISE AND ACCOMPLISH-
MENT, by Louis M. Hacker. Van
Nostrand Company, 1957. The au-
thor, one of the nations foremost
authorities on the history of capital-
ist institutions in the United States,
presents a forthright affirmation of
faith in the American economic sys-
tem as the essential foundation of
our freedoms. He examines the
promise and accomplishment of
capitalism entirely in terms of
American experiences. He concen-
trates on private accumulation of
capital for investment, decision mak-
ing by private and corporate groups
rather than by government, and the
responsibility of government for pro-
tecting the monetary and credit
structure. Only by such an organi-
zation of the economic world, the
author contends, can democracy be
sustained.
SOCIAL DARWINISM IN A-
MERICAN THOUGHT, by Richard
Hofstadter, Beacon Press, 1955. This
book goes right to the root of the
massive struggle between the wel-
fare state and rugged individualism,
growing out of Darwin's theory of
the survival of the fittest. As the
first evaluation of social theory de-
rived from evolutionary science, it
is unique. It is compact, lucid, in-
formed, and vigorously written. For
the reader who really wants to know
why and how some of the contradic-
tions in American social thought
came into being, this is as good a
study as one could hope to find.
THE RICH AND THE POOR, by
Robert Theobald. The New American
Library, 1960. In a challenging anal-
ysis of global economics, the author
shows how the great advances made
by Industrial nations tend to disturb
the balance of world economy and
how they bring even greater prob-
lems to the industrializing nations
who aspire to industrial wealth but
whose way of life keeps them in rela-
tive agrarian poverty. Mr. Theobald
stresses the fact that we must widen
our modern theory of economics to
include the study of politics, anthro-
pology, and ideology. We must un-
derstand the drives that motivate
other peoples in order to adopt spe-
cific measures that will provide a
higher standard of living and a bet-
ter world for everyone.
Some other interesting paperbacks
are:
MAN ON HIS NATURE, by Sir
Charles Sherrington, Cambridge U-
niversity Press, 1963.
THE PROTESTANT ETHIC AND
THE SPIRIT OF CAPITALISM, by
Max Weber, Charles Scribner's Sons,
1958.
SCIENCE SINCE 1500, by H. T.
Pledge, Harper Torchbooks, 1959.
DEMOCRACY IN AMERICA, by
Alexis de Tocqueville. 2 volumes.
Vintage Books, 1945.
THE UNDERDEVELOPED
LANDS. A DILEMMA OF THE
INTERNATIONAL ECONOMY, by
DeVere E. Pentony. Chandller Pub-
lishing Company, 1960.
FLIGHT PLAN FOR TOMOR-
ROW, compiled and edited by Cros-
by Maynard. Douglas Aircraft Com-
pany, 1962.
CIVIL ENGINEERS:
Prepare for your future in highway
engineering—get the facts about new
DEEP-STRENGTH (Asphalt-Base) pavement
Modern pavement engineering has taken a "giant step
forward" with DEEP-STRENGTH Asphalt construction for new
roads and streets. There is a growing need for engineers
with a solid background in the fundamentals of Asphalt
technology and pavement construction as new Inter-
state and other superhighways in all parts of the
country are being built with advanced design
DEEP-STRENGTH ASphalt pavement.
Your contribution—and reward—in our nation's
vast road-building program can depend on your
knowledge of modern Asphalt technology. So
prepare for your future now. Write us today
TH E AS PHALT I N STITUTE, College Park, Maryland
r—
THE ASPHALT INSTITUTE, College Park, Md.
Gentlemen: Please send me your free student
library on Asphalt Construction and Technology.
NAME CLASS 
ADDRESS 
CITY STATE 
SCHOOL
NUCLEAR RESEARCH
(Continued from Page 11)
actors, neutron activation analysis
is the most sensitive analytical
method currently available for many
elements surpassing chemical tech-
niques and even spectroscopic
methods.
But, unfortunately, nuclear re-
actors are not easy to come by. On
the other hand, sealed neutron
sources such as the Physics Depart-
ment's Pu-Be source can be secured
with comparative ease. Sealed
sources have much lower neutron
fluxes, however, which means the
analytical sensitivity will be corres-
pondingly reduced. Very little re-
search has been performed to date
en the use of sealed sources for acti-
vation analysis; consequently, the
physics department began just a few
weeks ago a research program in
this subject using the department's
neutron howitzer. The program,
which will extend over a two or
three year period, is designed to of-
fer as much opportunity as possible
DINING ROOM OR
CAR SERVICE
HENRI'S
3631 Wabash Ave.
ESTERN
INDIANA'S
FINEST
RESTAURANT
A beta paticle lens spec-
trometer arranged to per-
form beta-gamma coinci-
dence experiments.
for student investigation and over
the span of the program it is hoped
that several students will contribute
to this research endeavor. This par-
ticular argument, i.e., the active stu-
dent participation in useful research,
was used in a recent request for
special equipment submitted by Rose
to the U. S. Atomic Energy Commis-
sion, and the request was granted
without a single reservation or am-
mendment. The equipment re-
quested, an automatic recording
scintillation spectrometer, is ex-
pected to arrive on campus about
December 1.
Aside from the nuclear physics
research already under way, what
sort of plans are being made for
the future? Several promising ave-
nues that would be ideal for a school
such as Rose suggest themselves.
One of these is the general area of
very low level counting, i.e., the ex-
amination of substances which are
only very slightly radioactive. Such
experiments present special prob-
lems all their own because of the
radioactive background that is al-
ways present due to the cosmic rays
and the slight natural radioactivity
of most ordinary materials. Types
of investigations which fall into this
area are radioactive tracer experi-
ments, carbon-14 dating, and others.
Although difficult to do, such studies
have a wide range of applicability
being important in biological inves-
tigations, wear studies, archeology,
fossil fuel exploration, geophysics
and many, many other areas. At
least one Rose student is presently
considering the different methods
available and possible problems in-
volved in the construction of a car-
bon-14 dating system, with the idea
of building a basic unit next sem-
ester.
Another area being actively ex-
plored for possible inclusion in the
Rose nuclear physics research pro-
gram is the broad area of particle
accelerators. As with the programs
already described student participa-
tion is a very important part of this
proposed program. Consequently
not just any accelerator would be
right for Rose, but rather one which
lends itself to demonstration use, is
adaptabel to individual student use,
and has promise of yielding signifi-
cant experimental results. It has
been concluded that a medium
energy van de Graaff accelerator
would be the most economical and
versatile machine meeting all three
requirements. At the moment the
only thing standing between us and
the accelerator is the lack of
$150,000.
This by no means concludes our
plans for the future. Many other
possibilities are being discussed, for
example, the possible construction
of a critical reactor or a subcritical
reactor. This will, however, give the
reader a glimpse of what is being
done in nuclear physics research at
Rose today, what will likely be un-
derway in a few months, and what
we are planning for the not too dis-
tant (we hope) future.
CRYOBIOLOGY
(Continued from Page 12)
1) Cooling the sample at a pre-
cisely controlled rate (in range
of rc - 20°C per minute)
2) Using the proper amount of
protective additive (usually
glycerol or dimethyl sulfoxide)
3) Storing the sample at liquid
nitrogen temperature.
Before the tissue culture or cell
is frozen it must be prepared in a
certain manner. The culture is first
washed with a salt solution to rid
it of Ca and Mg ions. It is then in-
cubated with either trypsin (a pan-
creatic digestive enzyme) or EDTA
at 37°C to detach the monolayer.
The resulting suspension is dis-
persed, centrifuged, and rewashed.
The culture is finally enclosed in a
protective additive such as glycerol,
diluted, and transferred into the
storage containers. The container is
placed in a cooling chamber and
cooled, at a controlled rate, down
to -50°C. At this point, the con-
tainer is placed in a specially con-
structed liquid nitrogen vessel to
gain its final temperature (-196°C).
An even more recent freezing
technique, which is used for storage
of red blod cells, involves the spray-
ing of the blood directly into a
liquid nitrogen container. This
method has been very effective in
storing blood and will probably be
applied to other materials in the
future.
Researchers have found that, al-
though the specimen need not be
stored at -196°C, it is essential that
the storage temperature does not ex-
ceed -130°C. Merely freezing the
specimen is not sufficient because
chemical and enzymatic reactions do
not cease at 0°C, but are only slowed
down. Below -130`C all chemical
and physical activity is negligible
and little ice crystal formation oc-
curs in the specimen. Storage above
-130°C for extended periods of time
resulted in a significant decrease in
a specimen's viability.
Freezing is essentially a dehydra-
tion process. As more and more ice
is formed, the cells are exposed to
an increasing concentration of solute
in their environment. This increased
concentration is potentially destruc-
tive to the cell, particularly to the
lipoprotein components of its mem-
brane. Also, as the dehydration con-
tinues, the cell's buffering salts pre-
cipitate out and result in a change of
the cells' pH. In addition, the de-
hydration may cause the concentra-
tion of substances normally present
in non-toxic amounts to rise critical-
ly. During thawing, which actually
involves rehydration (g a in in g
water) , the microregions of high salt
concentration, that were formed
during freezing, may give rise to
adverse osmotic conditions which
lead to cell rupture. All these phe-
nomena, plus the presence of ice in
and around the cells, may result in
cell failure and loss of viability.
The amount and location of the ice
formed in a specimen is dependent
upon the rate of cooling. If the freez-
ing is accomplished slowly, the ice
formed is extracellular and the cells
shrink considerably as dehydration
occurs. As the rate of freezing is
increased, the ice particles become
smaller and more numerous. At the
maximum cooling rate the crystals
are very small (100A) and the parts
of the cell undergoing shrinkage are
also small. Thus, at a cooling rate
such as the above, the cell will ex-
perience very little overall shrink-
age; and the cell will experience no
ill effects upon thawing provided
the thawing rate is properly con-
trolled. The controlled cooling and
thawing is very helpful in combat-
ting the detrimental effects of freez-
ing.
The rate of cooling is generally
controlled by regulating the evapo-
ration rate of the liquid nitrogen in
the storage vessel. The specimen is
situated in such a way that it is ex-
posed directly to the vapors escaping
from the liquid nitrogen. The thaw-
ing out of the specimen is accom-
plished usually in a water bath held
at a preselected temperature. In
order to obtain the maximum re-
covery of viable cells, the optimum
conditions for cooling and thawing
of a particular specimen must be de-
termined empirically.
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The other method employed to
combat the ill effects of freezing the
cell is the use of protective addi-
tives , which was previously men-
tioned. The most common additive
is gylcerol. The glycerol acts as an
osmotic buffer by lowering the freez-
ing point of the water. Thus, with
more water available as a solvent at
any given temperature, the danger
of damage through excessive salt
concentration and adverse osmotic
effects is lessened. Such an additive
is necessary for preserving both epi-
thelial-like and fibroblast-like hu-
man cell strains. In addition to gly-
cerol, nine other additives have been
used successfully in the prevention
of freeze-thaw damage. The only
other additive to have extensive use
is dimethyl sulfoxide —
(CH, — S — CH )
This compound promises to have
the greatest potential as an additive
because it is very rapid in diffusing
into and out of the cell. This feature
tends to minimize the osmotic
shock that the cell experiences upon
being thawed out and diluted for
culturing. The presence of an addi-
tive also tends to slow down ice
crystal formation and reduce the
rate of crystal growth.
The degree of protection afforded
by an additive varies with 1) the
nature and concentration of the ad-
ditive, 2) the type of specimen, and
3) the rate of heat transfer. Addi-
tives are classified into the following
groups:
A. Compounds that penetrate the
cell freely in a minimum amount
of time (glycerol and dimethyl
sulfoxide)
B. Compounds that can penetrate
the cell, but do so primarily under
the control of a transport mechan-
ism. (glucose)
C. Compounds of relatively low
molecular weight, but still too
large to enter the cell. (sucrose,
lactose, raffinose)
D. Compounds of relatively high
molecular weight that do not
penetrate the cell. (dextran, poly-
vinylpyrrolidone)
The methods mentioned for the
long-term preservation of tissue cul-
BEL-AIR BOWL
and
LOUNGE
Open Bowling
Monday and Friday
at
8:30
All Day Saturday & Sunday
tures, cells, and other biological
materials are relatively new. Thus,
they are merely a foundation upon
which is resting the whole future of
the science of cryobiology. More and
more practical applications are being
found for cryobiological techniques.
In research, biologists will continue
to develop new preservation tech-
niques for more complex materials;
perhaps even entire organs will be
stored indefinitely and transplanted
when needed. Soon, reference stocks
containing many cultures will be
made available to individual re-
searchers. In industry, liquid ni-
trogen is already being used to pre-
serve vaccines, enzyme preparations,
antibiotic standards, and micro-
oryanisms for assay work. Also in
fermentation, the original stock of
microorganisms must be maintained
without genetic change.
Certainly, the future looks bright
and unlimited for those who wish
to apply their talents to cryogenical
research in biology and those who
wish to take advantage of the new
developments in cryobiology.
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After
cramming ...relax with
a Coke.
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The two 56-1 2-foot span "Novo 300" cranes pictured
above are installed in a bridge manufacturing plant
and are used daily to move large structural fabrications,
plates and machinery. They feature floor operation by
means of a push button station suspended from the
crane to allow operation across the entire span of the
bridge. This pre-engineered equipment, manufactured
by the Milwaukee Crane division of the Novo Industrial
Corporation, offers users an interchangeable custom
component system to meet particular applications with-
out the cost of a custom engineered and constructed
project.
Shown is a glowing ribbon of quali-
ty steel being cut by high-speed torch-
es at the United States Steel's experi-
mental continuous casting unit at the
South Chicago Works. After molten
steel is poured into the water cooled
mold at the top of the tower, the
steel begins to solidify along the bot-
tom and lower sides. As the mold
bottom is withdrawn, the slab starts
its descent through the tower. This
process of continuous casting was de-
veloped by U.S. Steel.
INDUSTRY ON THE MOVE
Edited by Jerry Armes, Sr. E.E.
At Western Electric Company's North Carolina Works, this automatic inspection station plays a
significant role in the automated manufacture of deposited carbon resistors. Feedback control and
self-correction of the helixing machine are based on computer-controlled analysis of values inspected
here. (The helixing machine cuts a spiralled groo ve in the carbon film of the resistor to give it a
precise resistance. Defective resistors are automatically rejected.
Below is shown a general purpose computer which controls programming, setup and feedback
control of these automatic machines. To modify the computer for this particular work, engineers at
the North Carolina Works developed special input and output circuits.
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Blue Key sprung from the faith
that Major B. C. Riley held in the
sincerity and ability of college men.
It had its foundation first in his idea
that real American college and uni-
versity student leaders are God-
fearing, law-abiding young citizens
who believe that worthwhile pro-
gress can best be made through the
orderly processes of evolution and
not revolution. Second, in his belief
Written by Larry Morgan
Sr. Chemistry
that students are men and should
be treated as such. That they are
men willing to accept responsibility,
willing to cooperate with faculty,
willing to work with their fellow
students and capable of putting
across ideas and ideals, and creating
the right attitudes which will do
much to improve student life and
welfare.
Blue Key had its beginning at the
University of Florida in 1924. In
anticipation of Dad's Day and Home-
coming, which was expected to ex-
ceed in attendance all former gather-
ings at the University, the president
of the University of Florida called
on Major Riley to correlate and co-
ordinate all of the plans for the
entertainment of the guests on the
campus.
For this purpose Major Riley se-
lected twenty-five outstanding stu-
dent leaders, who held places of
prominence and confidence in the
student body. This group did suc-
cessfully co-ordinate the activities
without conflict, and Homecoming
was a great success.
Because of their success, several
students asked Major Riley to con-
tinue the group and perhaps improve
student life in other aspects. Thus
Blue Key was founded.
The progress made by this group
was amazing and soon came to the
attention of other schools. Other
schools adopted the name, the con-
(Continued cm. page 31)
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100% WOOL
HANDSOMELY
TAILORED
RICHWEAVE
.Men's 3 pc. Fall suits
COAT-VEST
-TROUSERS
Smooth-surface yarns have been woven wonderfully into the RICHWEAVE
SUIT by Palm Reach Company. All-wcol RICHWEAVE holds a press
beautifully, wears and wears, and takes to fine tailoring like a duck to water.
Come in today and see this great suit in the newest campus colors and
patterns. Sizes 34 to 42, regulars, shorts, longs, extra longs.
ALL 3 SCHULTZ STORES.
COMPLETE FORMAL WEAR
RENTAL SERVICE
Schultz downtown 1st. floor
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Dry Metal
Casting
Most metal objects are formed by
casting. A few, such as cemented
carbide cutting tools, complex elec-
trical contacts, and oil-free bearings,
are formed by powder 'metallurgy.
Powder metallurgy consists of
pressing a metal powder in a die
and heating the metal during or
after the pressing.
First the metal powders must be
produced. The methods for obtain-
ing the powders vary widely and de-
pend on the type of metal and the in-
tended application. Machining is
used principally for producing
coarse particles of Magnesium.
Brittle materials are crushed into
fine powders by milling processes. In
the shotting process, molten metal
is poured into water through a sieve
or orifice. The resulting particles are
spherical or pear-shaped. Powders
of metals with low melting points
(such as lead, aluminum, zinc, and
tin) are obtained by spraying a
stream of the molten metal with a
jet of air (atomization) . A few metals
can be converted into small particles
by granulation, the process of rapid-
ly stirring a molten metal while it
is cooling. During the stirring, oxides
form on the individual particles,
keeping them from adhering to each
other. Small particles of copper,
iron, tantalum, silver, and a few
other metals, are produced by elec-
trolytic deposition. Powders of
tungsten, molybdenum, nickel, and
cobalt are produced commercially by
reduction of metal oxides. A few
other methods are used occasionally.
By Gary Crouse
Freshman
The powders are pressed in a steel
die, usually by punches at both ends
of the die cavity, at a pressure rang-
ing between one and one hundred
tons per square inch. The pressing
decreases the void between particles
and increases the surface area of the
particles. This close conta:.:t of par-
ticles allows them to adhere to each
other by atomic forces (cohesion) .
The result—the green compact—
looks like the finished product but
the bond between the particles is
so weak that the compact is easily
broken.
Sintering is the strengthening pro-
cess. The green compacts are placed
in a furnace and heated in a con-
trolled atmosphere. The temperature
and time depend on the material be-
ing heated; and the atmosphere
usually contains nitrogen or a re-
ducing gas such as hydrogen or car-
bon monoxide. The gases and the
heat serve to remove absorbed gases
and oxides from the metal, thus im-
proving the bond between particles.
Most metal powder products un-
dergo a final process, coining, which
is another pressing operation using
highly finished dies made from es-
pecially hard metal. Through suc-
cessive sintering and coining pro-
cesses, tolerances within 0.0005
inches in lateral dimensions and
0.005 inches in the direction of the
pressure applied by the punch may
be reached.
Metal powder products are more
porous than cast metal products.
The density of a metal powder pro-
duct is usually fifty to eighty per
cent of the density of a cast metal
product of the same volume. The
density may be increased by coining,
hot pressing (heating and pressing
simultaneously) , or infiltrating. In-
filtration is the introduction of mol-
ten metal into the sintered compact
by capillary action. Naturally the
molten metal must have a lower
melting point than the compact (the
infiltration of copper into iron is a
good example) .
The porous and brittle nature of
powder products and the high cost
of powders and dies limit applica-
tions of powder metallurgy to a few
products which can be produced by
no other methods.
The porosity of powder products
is easily controlled: by the punch
pressure, combination of powders,
temperature during sintering, time
of sintering, and the reduction (dur-
ing sintering) of organic materials
in the powders. Thus powder metal-
lurgy is the means for producing
porous (oilless, or self-lubricating)
bearings.
Powder metallurgy is especially
useful in forming products of alloys
from both metal and non-metal
powders. Tungston carbide particles
are bound together by cobalt par-
ticles to form the cemented carbide
material used for dies, cutting tools,
and various wear-resistant products.
Motor brushes are made of a com-
bination of copper and graphite.
Other common products of powder
metallurgy are gears and pump
rotors, magnets (Alnico) , contact
parts, clutch faces, tungston fila-
ments, diamond cutting wheels,
brake bands, laminated metals, and
welding rods. Many of these pro-
ducts combine characteristics of
several metals and substances. Al-
loys are not always easily produced
by casting. Many molten metals are
not easily blended because of dif-
ferences in density and surface ten-
sion. And, due to large differences
in melting temperature and particle
size, the combined metals may
solidify at different rates, causing
cracking and distortion. Powders are
usually easily mixed and heated to-
gether.
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EXPERIMENT . . .
(Continued from Page 14)
tire scientific world.
As a result of the experiment
many different theories turned up to
save the ether theory. One of the
most logical was that the ether is
pulled along with the earth in a
similar manner as air is pulled along
inside a car that is moving. Many
experiments were made with this
theory, but they all pointed toward
the fact it was incorrect.
One of the most controversial
theories is the Lorentz-Fitzgerald
Contraction Theory. This stated that
the reason that no wind could be de-
tected was that there was a "pres-
sure" due to the ether that tended
to shorten any object in the direction
of its motion. They determined that
the length of an object relative to
the ether (4.) was dependent on
the velocity squared according to the
v2 1/2
equation: L,. = L„ (1 — — 1) . Ac-
c-
cording to this, as the object ap-
proached the speed of light, the
length of the object in the direction
of motion would approach zero.
Since this contraction applies to all
matter it could not be measured by
TELESCOPE
conventional means because any de-
vice used to measure this contrac-
tion would also be shortened.
This theory of contraction due to
ether pressure was ruled out in 1932
by the Kennedy-Thorndike experi-
ment. This experiment consisted of
the same basic components as the
Michelson-Morley experiment but
instead of making the arms of the
apparatus equal they made them as
unequal as possible. This would
have detected any contraction due
to the either. No contraction was de-
tected. After this experiment was
performed, the fact that an ether
wind did not exist was generally ac-
cepted.
Although the ether theory was
disproven, it brought forth many
new concepts to be explored and
tested. The most important of these
today, are the principles of Ein-
:,tein's theories. Even now they are
leading to a better world through
new forms of energy.
BIBLIOGRAPHY
Colema, James A. Relativity for the Lay-
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BLUE KEY
(Continued front page 28)
stitution, the pledge, and the in-
signia, all of which were produced
by Major Riley with no assistance.
In 1934, a national convention was
held in Chicago, and Blue Key was
organized along strong national
lines.
The purpose for which Blue Key
National Honor Fraternity is estab-
lished is clearly set forth in the
Preamble to the Official Code, as
follows: We, who have accepted the
pledge of Blue Key National Honor
Fraternity, recognizing it as a basis
of union, do ordain and establish
for Blue Key National Honor
Fraternity, this Constitution, in or-
der that through organized effort
among student leaders in American
colleges and universities; (1) The
belief in God will be perpetuated
and intensified, the government of
the United States will be supported
and defended, and the established
institutions of society and the prin-
ciples of good citizenship will be
preserved; (2) An ambition for in-
tellectual attainment and a desire to
serve college and fellows will be
fostered in institutions of higher
learning; (3) Student problems may
be studied, student life may be en-
riched, and the progress and best
interests of the institutions in which
the organization is found may be
stimulated and promoted.
In accord with this purpose, the
Blue Key Cha--)ter at Rose under-
takes several annual projects to en-
rich the student's life, and is con-
stantly seeking new areas in which
it is felt that Blue Key can better
college life. Among these current
annual projects are the following:
Freshman Orientation Week Activi-
ties, Freshman Smoker, Home-
coming, Fall Honors Convo, Fresh-
man-Sophomore Games, Rose Riots,
"Name" Entertainment, Saint Pat-
rick's Dance, Parent's Day Activi-
ties, and a Fall Film Series.
In the future, Blue Key hopes to
continue to improve college life and
to move into those areas which will
prove to be of mutual benefit to
both the students and the institution.
Est. 1856
for the
'All Weather'
Campus Man
For engineers on the go, an
All Weather Coat to wear
everywhere. Ivy styled with
deep split ragland sleeves
and balmaccan collar. Three
quarter length in sizes 35 to
46, regulars and longs. Cut
from Galey & Lord's All
Weather Tarpoon Cloth, ray-
on lined, to give the wearer
good looks as well as pro-
tection. Top your wardrobe
with this All Weather Coat
from Root's.
$25
Use Root's 3 Pay Plan,
Nothing Down, 3 Months
to Pay
Root's SQUIRE Shop
617 Wabash Ave.
Terre Haute, Indiana
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sly
Mother is always having trouble
with either Father or the furnace.
Everytime she's watching one the
other goes out.
Tomorrow—Today's greatest la-
bor saving device.
Students are like blotters, they
absorb what the instructors say,
but they get it backwards.
Some girls leave nothing to a
man's imagination, and everything
to his self control.
"Of course you're the first girl
I ever kissed," said J. U. as he
shifted gears with his foot.
Her lips quivered as they ap-
proached mine. My whole frame
trembled as I looked into her eyes.
Her body shook with intensity as
our lips met, my chin vibrated and
my body shuddered as I held her,
pulsating, close to me.
The moral : Never kiss a girl with
the engine running.
Knock on the hospital door—
"Who's there," came the inquiry.
"Friend or Enema."
As he felt his way around the
lamp post, the overloaded senior
muttered, "S' no use, I'm walled in."
Freshman: "What does the Chap-
lain of Congress do?"
Senior Engineer student: "He
just gets up on the platform—
takes a look at the senators and
representatives, and prays for the
country.
droolings
Stolen by Gerrand Mellinger, Sr. E.E.
Blue eyes gaze at mine—Vexa-
tion.
Soft hands clasped in mine—Pal-
pitation.
Fair hair brushing mine—Expec-
tation.
Red lips close to mine—Tempta-
tion.
Footsteps—Damnation !
Wife (to husband sneaking up-
stairs): "Is that you dear?"
Husband: "It had better be me."
The old engineer pulled his fa-
vorite steam engine up to the water
tank and briefed the new fireman.
The fireman got up on the tender
and brought the spout down all
right, but somehow his foot caught
in the chain and he stepped into
the tank.
As he floundered in water, the
engineer watched with a jaundiced
eye.
"Just fill the tank with water.
Sonny," he drawled. "No need to
stamp the stuff down."
Ernie: "I wish I had a nickel for
every girl I've kissed."
Gink: "What would you do? Buy
a pack of gum?"
* *
"We had to shoot our dog yes-
terday."
"Was he mad ?"
"Well, he wasn't exactly pleased
about it."
Rules for handling women elec-
trically:
If she talks too long—Interrup-
ter.
If she wants to be an angel—
Transformer.
If she meets you half way—Re-
ceiver.
If she gets excited—Controller.
If she gets up in the air—Con-
denser.
If she is hungry—Feeder.
If she sings inharmoniously—
Tuner.
If she is wrong—Rectifier.
If she is too fat—Reducer.
If she gossips too much—Regu-
lator.
If she wants to get married—
Resist er.
"Now I will illustrate what I
have on my mind," said the pro-
fessor as he erased the board.
Daffynition: Evening Gown: A
dress that's more gone than gown.
"Drink broke up my home."
"Couldn't you stop drinking ?"
"No, the still exploded."
A man walked into a restaurant
and left the door open. A big fat
man called out: "Shut the door!
Were you brought up in a barn?"
The man closed the door, sat
down and began to cry. At this the
fat man looked uncomfortable and
went over to the sorrowful one.
Said he, "I'm sorry, I didn't in-
tend to hurt your feelings."
"I'm not crying because you hurt
my feelings," was the reply, "but
the fact is, I was brought up in a
barn and every time I hear an ass
bray it makes me homesick."
Country girl : "My paw's the best
rifle shot in the country."
City lad : "What does that make
me ?"
Country girl : "My fiance."
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TURN OUT THE LIGHTS AND PRESS THE BUTTON
No preconceptions, please. Too often they point you
away from the buried treasure. Because Kodak is
properly known as a grand place for chemical engineers
and chemists, fledgling electronic engineers may over-
look us. All the better for those who don't. Particularly
for those who would rather apply ideas than dream
them, unfashionable as candor compels us to sound.
It takes all kind of electronic engineers to make to-
day's world, but we think we clearly see the ones likely
to wind up nearer the helm here 25 years hence:
When his projects are evaluated, he'd rather be right
than ahead of his time.
He works few if any miracles with sealing wax, old
shoestring, and new developments in plasma harmonics,
but when they turn off the lights in the big darkroom,
his machine from the very first crack starts inspecting,
processing, or otherwise handling light-sensitive prod-
uct smoothly, bugless, and at the miraculous rates he
had promised in the preliminary design report. He ac-
complishes this by keeping abreast of the state of his
art instead of considering his diploma an exemption
from learning anything new.
He deals with people as smoothly as with things.
He would rather put his roots down in the community
where he lives than root himself in one narrow box of
engineering specialization. He welcomes changes of pace
more than of place.
He finds it cozy to know that if times change, our
diversification leaves dozens of directions to go without
fighting the cold world outside.
Care to talk to us? Above remarks apply to more than
just electronic engineers.
EASTMAN KODAK COMPANY, Business and Technical Personnel Department, Rochester 4, N. Y.
lladmilE
An equal-opportunity employer offering a choice of three communities: Rochester, N. Y., Kingsport, Tenn., and Longview, Tex.
An Interview
with G.E.'s
J. S. Smith,
Vice President,
Marketing and
Public Relations
Mr. Smith is a member of General
Electric's Executive Office and is
in charge of Marketing and Public
Relations Services. Activities report-
ing to Mr. Smith include marketing
consultation, sales and distribution,
marketing research, marketing per-
sonnel development, and public rela-
tions as well as General Electric's
participation in the forthcoming
New York World's Fair. In his
career with the Company, he has
had a wide variety of assignments
in finance, relations, and marketing,
and was General Manager of the
Company's Outdoor Lighting De-
partment prior to his present ap-
pointment in 1961.
For more information on a
career in Technical Marketing,
write General Electric Company,
Section 699-08, Schenectady,
New York 12305.
COULD YOU OUT-THINK A COMPETITOR?
Consider a Career
in Technical Marketing
Q. Mr. Smith, I know engineering plays a role in the design and manufacture
of General Electric products, but what place is there for an engineer in
marketing?
A. For certain exceptionally talented individuals, a career in technical market-
ing offers extraordinary opportunity. You learn fast what the real needs of
customers are, under actual industrial conditions. You are brought face-to-face
with the economic realities of business. You participate in some of the most
exciting strategic work in the world: planning how to out-engineer and out-sell
competitors for a major installation.
Q. Sounds exciting. But I've worked hard for my technical degree. I'm worried
that if I go into marketing, I won't use it.
A. Don't worry—you'll use all the engineering you've learned, and you'll go
on learning for the rest of your life. In fact, you'll have to. You see, the basic
purpose of business is to sense changing customer needs, and then marshal
resources to meet them profitably. That means that you must learn to know
each customer's operations and needs almost as well as he understands them
himself. And with competitors trying their best to outdo you, believe me—
every bit of knowledge and skill you've got will be called into play.
CI. Is that why you said you wanted "exceptionally talented people"?
Technical marketing is not everybody's dish of tea. It takes great personal
drive and energy, and a talent for managing the work of others in concert with
your own. It takes flexibility . . . imagination . . . ingenuity . . . quick reflexes
. . . leadership qualities. If you're nervous with people or upset by quick-
changing situations, I don't think technical marketing's for you. But if you are
excited by competition, like to help others solve technical problems, and enjoy
seeing your technical work put to the test of real operation—then you may be
one of the ambitious men we're looking for.
Q. Now what, actually, does a man do in technical marketing?
A. Let me describe a typical situation in General Electric. A field sales
engineer is in regular contact with his customers. Let's say one of them makes
an inquiry, or the sales engineer senses that the time is right for a proposition.
With his field application engineer, he determines the basic equipment needed.
Then he contacts the marketing sales specialist in the G-E department that
manufactures that equipment. The sales specialist, working closely with his
department's product engineers, specifies an exact design—realistic in function
and cost. Then the sales engineer and his supporting team try to make the
sale, changing and improving the proposition as they get cues from the competi-
tive situation. If the sale is made—a very satisfying moment—then the installa-
tion and service engineers install the equipment and are responsible for its
operation and repair. With the exception of the product design engineers, all
these people are in technical marketing. Exciting work, all of it.
Q. In college we learn engineering theory. How do we get the sales and busi-
ness knowledge you mentioned?
A. At General Electric, a solid, well tested program of educational courses will
quickly advance both your engineering knowledge and your sales capacities.
But perhaps even more important, you'll be assigned to work with some of the
crack sales engineers and application and installation men in the world, and
that's no exaggeration. A man grows fast when he's on the sales firing line. As
a FORTUNE writer once put it, the industrial sales engineer needs "that prime
combination of technical savvy, tactical agility, and unruffled persuasiveness."
Have you got what it takes? 699-08
Progress /s Our Most /mportant Product
GENERAL ELECTRIC
